Ammonia, the GABA neurotransmitter system, and hepatic encephalopathy.
There appears to be a consensus that hepatic encephalopathy (HE) is a metabolic encephalopathy with a multifactorial pathogenesis. One of the factors considered to be important in the pathogenesis of HE is ammonia. However, the mechanisms by which ammonia contributes to the manifestations of HE remain poorly defined. Ammonia could be more definitively implicated in the pathogenesis of HE if its effects can be shown to lead to an enhancement of inhibitory neurotransmission. In this context the effects of ammonia on the GABA (gamma-aminobutyric acid) neurotransmitter system may be relevant. Ammonia, at the modestly increased concentrations that commonly occur in precoma HE (0.15 mM-0.75 mM), has been shown to increase GABA-induced chloride current in cultured neurons, probably by modifying the affinity of the GABA(A) receptor for GABA. Comparable ammonia concentrations also enhanced synergistically the binding of a GABA agonist and a benzodiazepine (BZ) agonist to the GABA(A) receptor complex, phenomena which would enhance the neuroinhibitory effects of these ligands. Also, GABA increased the potency of ammonia-induced enhancement of the binding of a BZ agonist to the GABA(A) receptor complex, and brain levels of BZ agonists are elevated in liver failure. In addition, ammonia has been shown to inhibit astrocytic uptake of GABA by 30%-50%, an effect which would increase the synaptic availability of GABA at GABA(A) receptors. Furthermore, increased ammonia concentrations upregulate the peripheral-type benzodiazepine receptor in the outer membrane of astroglial mitochondria, thereby enhancing astrocytic mitochondrial synthesis and release of neurosteroids. Some neurosteroids, for example tetrahydroprogesterone (THP) and tetrahydrodeoxycorticosterone (THDOC), are potent agonists of the GABA(A) receptor complex, on which there are specific binding sites for neurosteroids, that are distinct from those for BZs and barbiturates. Tetrahydroprogesterone and tetrahydrodeoxycorticosterone levels were found to be increased in a mouse model of acute liver failure, and, when THP or THDOC was injected into normal mice, sedation and Alzheimer type II astrocytic changes in the cortex, striatum, and hypothalmus were induced. Each of these direct or indirect effects of ammonia on the GABA neurotransmitter system has the potential of increasing inhibitory neurotransmission, and, hence, contributing to the manifestations of HE.